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ABSTRACT 


This study lntercompsred lig^ thunderstorm electrical 

JSSJ 

study is to provide informationthatc weather forecasters who issue 

time detection and warning of ^^ntning y Ranging (LDAR) System pro- 

lightning advisories . The Lightning thundergt orms that includes cloud-ground 
vides data on electrical discharges f rom ^underst d _ to _ cloud , a nd sometimes 

flashes as well as lightning aloft (within c. Lo^ , ^ cloud) . The Lightning 

emanating from cloud to clear * u .detects primarily ground strides 

rncation and Protection (LLP) system ae , 5 _.i. aloft prior to the first 

lightning. Thunderstorms typically produce LD^ J ositiong G f ground strikes 

ground strike, so that knowledge of preferrj^^ could allow advance 
relative to the LDAR data patter studies described in the report 

describes poSnX^ 

&>rs£*£ - ° £ li9htnin9 

ground strikes. 
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SUMMARY 


The Lightning Detection and Ranging < LD ^> ®HmLa5ng Som tSSnder storms to 
detecting lightning within thunderstorms and ^nat^ng i Zrom “ ldar 

ground or to clear air outside or above the clouds • ^ ™ observations of 

data — monitored on a daily basis and compared to personaj l__ ^ ten revealed 
cloud, thunder, and lightning conditions in the late stages of 

intriguing patterns of as i -horizontal discharges spanned tens of 

thunderstorm systems, many long S to follow the top and bottom of 

JESS - 

Thunderstorms typically produce LDM. signals f£“ d “trites' 

strike, so that knowledge of pre ^ mid allow advance estimates of en- 

the LDAR data pattern from a thu J^ er ^°« a f litd ^t^Te in ?his study was 5.26 
hanced ground strike threat. The ^ ik to groU nd within a minute of the 

minutes . only 1S% of the storm. ' ’*°” ed £ ^/^ta sensing methods of detecting 
first LDAR detection ° f “estom. Lightning Location and protection (LLP) 

S5T , *S5U1SSiiy 9 -^ strikes^ from lightning, and LDAR. using 
data points below 2.6 km. 

Eighty-five percent of the u*-*>t.ot«d In 
boundaries of the LDAR data ^lus er . the s torm LDAR data boundaries . Ground 
occurred within or less than 2 km detected 

strikes were detected during 41% of Jhe "iinutes^ q£ the LDAR _ 

thunderstorms. Ground stexkes te^ed t nearly two million LDAR data 

^S^edM^ S3? iSSfe cases fro=L dune and duly. »». 

The report also describes other potential approaches to the use of LDAR £ 

SI detection and forecasting of lightning (ground 1 strikes. o£ , 

clustering of LDAR data into volumes Srf grou’ped together in 

thunderstorm. For intercomparison, Ll ^SaSctSstics and evolutions of these 
samples of one-mmute duration. relation to concurrent and subsequent 

"LDAR-de fined storms" were examined storms were defined in this 

ground strikes. Three hundred ninety-one LDAR storms^ ^ during their 

manner, of which 169 (43%) produced grou more than half of the ground 

existence. At forecast times more current LDAR boundaries of the storm, 

strikes occur outside the boundaries <« alono the flanks of the 

indicating the development of new "qSali-stationary , some 

existing storms. on days southeast flank of the 
S„l« n «Al“a?S) Ihundlrstorms »srn moving soma preference was sheen 

Sr fSture ground strikes along the rear (west-southwest) flank. 

The LDAR characteristics of 3torms .during g^^h^'there*' were ground 

compared to those without ground spikes. ^h^ger volume containing LDAR 

££ “i LSrSJSrSr unit ciosa-sectional area, 
storms that produced ^ .tribes^ 

?S t^t °l £ J he -iM a period 

of more than 150 LDAR data points per minute. 
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I . INTRODUCTION 


The Kennedy Space Center : (KSC) , is 

aloft is, of course, a hazard that »»■* ■ “JJi wh ich must be curtailed if there 

basis, however, there are many j5 t J e vicinity. The accuracy and 

is a threat of a lightning therefore has both safety and economic un 

forecasters who is.u. lightning advrsorres. 
Prior to the development . and i„ple„ent.tion of 

St The locations of t h "h^ r fh°.Tntensitv of precipitation and cloud elec- 
upon crude correlations between thY g of thunderstorm clouds in 

trification, or by recognizing ®^“J^ £ X i iqhtn i£g remote sensing systems now 
satellite imagery. ^tional^etwrcks f 1 o 9 f the location of lightning strikes 
exist (ref 4), that ailow a direct kno l dg spec ial, denser networks of re- 

to ground with accuracy of a kllo ^lished to provide highly accurate inf or 

mote sensing equipment have been est^lishe ( ^ ^ Lightning Location and 

mation concerning lightning ^ th Detection and Ranging (LDAR) S Y^®"V 

Protection (LLP) system and the Lignrniny /tplwsi is operated to detect 

in addition, a Launch Pad Lightning J^ning ^ h d ^storms D r other atmospheric 
electric fields at the surface induced by th^ders^o ^ gygtem (CHLIS) detects 
conditions, and a CatenaryWire ^htning In struck by lightning. Data 

-e SK J this study . 

The LLP system (ref 5) detects disturbances 

of magnetic direction finding . b liqhtning. Individual antennae de 

in a broad band of frequencies trl ^ ered bY ^\ mu th angles, and the location of 

system^is'approiimstely SSTS5&* in detecting ground striKes near KSC. with 
position accuracy of about 1 km. ^ 

The LDAR system was developed by Carl . d is t urbane eT ^ t 6 6 MHz frequency. 

Tne y detect lightning-induced disturbances accura te timing 

&. sysU nt uses a ««e «*si^JLS5ETSfc> dis- 

through use of the Glo ^ a3 : P Q f electromagnetic propagation, arrives at di 

time operation in June, 1992. 

The LDAR system can generate up ^i^^Tests of^he position accuracy of the 

SS^atTby ^ -e 

- LDAR data during one min_ 

ute, projected to their positions at the surface. 

ll C 3 & ^l pS?eSSl 8 ?ra?l^an?X?paS^ ^ r ° und 3trikSS - 


171 



Figure 1-1. Horizontal locations of the LD«< 

3?s? £SZJ^,iSS^^^ " 52 * ~* *" d e *“ of the 

central site and 40 km north and south. 


For that potential to be realized in the lightning d^tection ^^ a ^^ gh ^ p P between 

“hTs project contributes to that effort. 

This study examines spatial and temporal «^i£ ^Tnd^S's^ims! 
detected by LDAK and ^ound ^rtkes^detected^ ^yJh.^P^and^ ^ fJ Y , t d 

Several questions are addressed. < ) there preferred locations of 

tection of LDAR events and ground strikes? (2) Are tnere P* B dete cted by 

occurrence of ground strikes relative . b anticipated through know- 

s^e HSks 1 ? ahnSS 

tr«. h the°“ signatures' ilfth^^aWthaJ reveal vh’ich storms produce ground 
strikes and which do not? 
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II. 


GENERATION OF THE DATA BASE 


2.1 LDAR DATA 

The time series of signals r “» iv ^ r d ™ t " ^““ni^gThf xTyTind z"osI?ionI 
generate a sequential listing of I ^ e horizontal locations are given as 

of each event and the time of occurren * (positive v) or south of the LDAR 

distances east (positive *) or - west ^ used to reconstruct 

SSSi MM fShS^MMd in files one hour - patron. 

For purposes of this study, “5!5\||*\ i |»tKeg™nce e iJw h a < ’ l-diMnsiona^array 

original LDAR data were converted from a data s q minutej second, and micro- 

format. Time was originally r ®^ r f ® tions^f meters. Array data in this study 
second, and position in meters and fraction lkin 3 in vo lume. Time accumula- 

were accumulated in one-minute segments , an . onds f ro m the time , thereby 

Hon ... done by truncating the =e=ond Minute ' Horizontal accumulation was 
referencing all data to the »tart of the , itioM to integer 

done by converting the original x, y » the LDAR central site m the east 

Finally, LDAR data points more than north-south direction were discarded. 

E fee MtMM ^£r£f h««f tet as^^cutes-^ 

bErth raSiy ni s^"^ r °o^. d ^the -w — - — 

cube files contain data for one hour. 

bv -40:40 (km) were chosen (1) l to 
The array horizontal dimensions j ata were highly accurate, yet (2) allow 

confine the study to a domain * *^ere L storms could be followed for at least one 
a domain sufficiently J; ar f®5e domain 9 The rectangular shape was chosen to match 
hour without moving out of the domain. array vertical dimension was 0 20 

8 by re int;geriz Sl ( the ^ ^^ 0 ^^^ 
kilometer . ^Tu^ekM^ SSZZXZXZZ— of higher »> 

vertical resolution would have been preferable. 

Figure 2-1 shows the LDAR cubes emanating from the ^ data .££ 

of the LDAR cubes overlap, suggesting the nucleus 
classification scheme, discussed m section 2.3. 


2.2 LLP DATA 

The original LLP data were rec. “J^th^t^^a^rifeV^c^w' th^etart* of the 
SS2£; „ F “it°h ae the n data^ and 

distance in kilometers east west a *V n Additiona l information available in the 
positions were stored as real £ tiqnal, number of return strokes per 

LLP data files, such as amplitude event, were not used in this study, 

ground strike, and polarity of Jr ikes during the day. Processed LLP 

Original LLP files contained a 9 hourly files to match the LDAR files, 

data used in this study were output in hourly 

2 . 3 LDAR— DEFINED STORMS 

weather forecasters use satellite imagery and weather 

the associated with rain showers 
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STORM 2 ° ^ - 'V " 

V 

LDAR cubes — '' \ 

superimposed on > 

LDAR data points 

V 

>RM 1 

o\ 

1 A 

DAY 173, 22 JUNE 1993 ■* C 

1830 UTC 

] ° \ 
Q}> 


Figure 2-1. LDAR cubes superimposed on LDAR 
classification, as in Fig. 1-1, except only a 


data points used in LDAR storm 
portion of the domain is shown. 


, wirr 9-1 the LDAR data points 

and thundershowers . Likewise , as can e ®®^ n thunderstorms ' It seemed natural, 

or "LDAR storms." 

While humans can visually recognize p^teras and obtained by computer, 

rules must be specified before r _ e f " _ ificat ion procedure, LDAR cubes 

in the first pass of the computerized s ^ntiquous groupings of LDAR cubes, or 
from a particular minute are ex "horizontal distance of each other, a ^® 

near-contiguous groups defined storms. The storm classification scheme 

clustered together to form ^AR-defined storms all LD AR cubes during the 

oroceeds by first finding the mean (x,y) P° 3 ^ j oma i n mean into an LDAR storm, 
minute and clustering the LDAR cubes ^continues until all LDAR cubes within the 

c^ S if h i.d°is S SL°s £ t=“'?. Ml other LDAR cubee ere .ithin 3 ton of a nergh , 
and are clustered to form LDAR storm 1. 

Figure » eh». f 

=<=$—' 199™ LbS =t=”; have been identified in this pass. 
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ruminates "false storms" and 
A second pass in the storm classification proce ure the hourly file, ldar 

renumbers the remaining LDAR storms ^^^^eyhad volume less than 4 km 3 . 
slows were considered to be false ™ ^ a3 \ fVr LDAR cubes had to contain 

In terms of LDAR cubes, this means that t T his lenient rule would not 

at least one LDAR data P oin ^. du ^ a ^erized by hundreds or thousands ofLDAK 

^»SoSafLl" i l y DAS U poT»t 1 p.= ;ed by the ldar quality control procedure.. 

Fiqure 2-3 shows the result of the second pass L °“ 

three storms have been 

renumbered . . . , DAR 

consistent LDAR storm * ™rvhen Idg^aceit^DAR^tJms expand toward each 

storm shape changes dramatically or ^ when 3 dure kee ps track of the hori 

2sl-S.sk -of ^ch s^a-^s^s 

the ££? tf -sitirp 

classification scheme is that a new s Droces sed is more than 6 km from the 

the centroid position of the storm b 9 P . . Otherwise, the storm with 

position of any storm during the preceedi g oreceeding minute is assigned its 
centroid position nearest to a stow ^ several LDAR storms 

identification number, should a la jf9 . the ne w storm nearest the original 

^separated, by definition, by “V™ 2nd the other storms resulting 

Sr'thrSlit would “btaiu new storm identification numbers. 

consistent LDAR storm numbering is al r s ° ^^tentlyf d During individual minutes the 
late stages some LDAR storms flash 1 n j^f Q J^ f the storm classification procedure 
ioS storm may disappear. The ”d iJeJtiSStion numbers of all LDAR 

keeps track of the previous P intermittent LDAR storms that " reappea 

SSS; b^P^ SSS^S^ a new identification number. ^ 

s is ten^y^f or ^ each Minute ^urin^the^ourly^fSe^J^-USters^oJ'^LDAR 

identified as new LDAR storms when they a P entro id is separated by more 

other LDAR cube clusters (storms) and when t^irc^ _ Thig can occur (1) when 
than 6 km from any previously n existing LDAR storm expands so dra 

isolated storms suddenly ®PP e £5j. ( it ? cen troid shifts by more than 6 km; (3) w 
maticallv and asymmetrically that its cen storm; (4) when an existing LDAR 

down of these possibilities nas nuu y 

<U. (2 >' a " d <3) d0n,lnaU - . a a new three-dimensional (x,y,t) 

The storm classification procedure 9 . e “” i£ 'f cation numbers. This array lden- 

were attributed 

2 S 3 -«=f uS' was identified by 
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Figure 2-2. LDAR storm identification numbers resulting from the first pass 
of the storm identification scheme, from 1800 UTC, Day 188, 7 July 1993. A 
few additional landmarks have been shown. 



Figure 2-3. LDAR storm identification numbers after the second pass of the 
storm identification scheme. identical to Fig. 2-2 except "false” storms 2 
and 5 of Fig. 2-2 have been dropped and the remaining storms renumbered. 
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ISrplin^ n L??te^eSrmiXg tol'tSE*. Identl Action number attributed 


to that cube. 


2.4 COMPOSITE DATA BASE 

The data base used in this with in" the 

and processed LLP files were June and July, 1993. The 

analysis domain. Thxs consis ner i od f ro m 22 June (day 173) to 21 July ( ay 

primary set of cases spanned the „ eie exa mined when no LLP events 

201). A few additional houriy LDAR fxl ha ve not been included in 

occurred within the map domain, but results no 
the results reported below* 

The composite data base contained *'*”^170 pr^edSt desc^ibtd^bove identified 
strikes . The two-phase storm cla.. affiliated with an LLP 
319 LDAR storms in this data set, of which 1 

event during one or more minutes of their existence. 

,.4.! DERIVED DORR PARAMETERS . 

and subsequent data P r ° ce33 * ng , a d ta base information. These included: 

TlT «tS number of bDAR data points within the LDAR 

ll£™t£i™oiume - sum of the number of DDAR cubes (total Km’ contain- 
ing LDAR events; amber of LDAR columns which contained LDAR 

L e“n!s°™ “me Zb»”u?e ‘essentially the LDAR storm cross-sectional 

LDmTvoIum Density -- ""f '” f ““ EvenhTby^hlTLDAR Storm volume; 
by dividing the number of LDAR tHoinis per km 3 , obtained by 

^i£ng the P LDAR storm Area; 

« J nnQI t.lOnS OX X-ilti 


( 2 ) 

(3) 


(4) 

(5) 


jX. uurxA.\. w — — 

““efcoSri.fe, 1 ^ ^^LrwrigSifbrtSe^rof 0 ^ d,t. 

LDAr”s form' Breadth xs .“be^AR^Sbel^^^ 

»» ° £ *>- ld “ dat * point3 

£Z ^velocity. components cx f 

fo^r^te^K^fba^rri^st-sguares fit of all storm 

LD»TtSm P DuSSn -“number“of “minutes between first and last 
appearance of the LDAR , f minutes during which an LDAR storm 

‘^^jss^.rsr: ssssu d 

““;s a K?oS r a“?Les5SS S altitude. determined empirically, as descn 
in section 3.3. 

Figure 2 -< shows a map of LDAR 

clLsTficltion 11 scheme , and storms 5 7^ and 9 b ^® ^ 1 ^,ertl < l movement toward the 

storm movement tends to be somewhat wobbly, but an stormg had shorter 

;-Sor e ?K ^r^^oTSSS stonm movement is due partly to guasi- 


( 6 ) 


(7) 

( 8 ) 
(9) 


( 10 ) 

( 11 ) 

( 12 ) 
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horizontal lightning flashes into new sections of ^ c ^ u ^; e abrUpt lateral 
shifts in the LDAR storm centroxd from one mxnute to the next. 

Figure 2-5 shows time, series 

time for storm 4 of Fxg. 2-4. Dotted 1 e , p u ,dth in east-west and north- 
Sh direction s^ and” s too? depth * considerable growth is shown in all dimensions 
prior to the period of most frequent ground strxkes. 

ssar S-riir 

area. These are again for storm 4 of Fxgs. 2-4 and 2 5. 

Figure w shows the ti» 

sfts; ssjf£k 

strike rate occurrxng about 4 mxnutes after the peaks x ajneter3f and have 

variations in Z95 are much more suppr t DAR cubes 1 km in vertical dimension. 
Sifa^ars*" h«?I r bJln too e =oaree, and perhaps the LMR bins should have had 
vertical dimension of about 0.25 km. 
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V 

lT\ 1 


LDAR storm centroid 
tracks during hour 



Figure 2-4 . 
180, 29 June 


ssrti 



— .T-^rsawr^saMa srsawssj; 






Figure 2-6. Time series of three LDAR 
LLP ground strikes: LDAR storm events 
Por storm 4 of Figs. 2—4 and 2—5. 


-derived storm parameters in relation to 
LDAR storm volume, LDAR storm area. 



gure 2-7. Tine -ri.s of three additional SSSSTt- 




III. INTERCOMPARISON OF LDAR AND LLP DATA 


3.1 LDAR LEAD TIME chase 3 of the 

Time ran out in the 

storm cl a ssif ic a tion p D from one hourly file to h f d tim e used only a 

3ST « “«S’ r a SS , SSSi ^cur^SinV^ hours Jhe averse lead 

associated with the , st°™ was S£* o£ tteir existence, 

had LLP ground strikes aur y pnnq i d erinq all LDAR 

„ata were actually computed using ^ . hourly *^'„Sutes determined in this 
s?2ms in these tile. • «•» 'of the hour, though “^e^ 

SSS o S £ t0 s?lect h ed atu™, -ggeated tha^rouud stri^ or rhe late^stage.^ 

number is fictitiously high. 


PERCENTAGE OE TIME Eh»» STOEMS PEOhUCK 0,00.0 STRIKES 

• 1 ^ ^ 


3.2 PERCENTAGE u, — iden tified by LLP. Fourty- 

LDAR-def ined storms were '“P^ed to ground^tri es^ ground strikes, some 

S?SSS S^JSTSSSSSd with «. ground Strrkes. 


3.3 


LDAR DETECTION OF GROUND STRIKES 


Ulvxnciw 

hDAK cubes centered at 0 V 2 . ajd 

mmmmmmrn 


* < MTTMRER of column minutes 

Wi rX«i»EErSw REFERENCE ALT.TUDES 


•n 1 4 - i +>nHo 


t mn ("•ciiiimn Minutes 


1.5 km 

2.5 km 

3.5 km 


494 

2840 

7801 
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ttp around strikes and LDAR-estimated ground strikes, using a threshold of 2.5 
for SSar cSSSs were also intercompared on an LDAR storm basis. Both LLP 

Sd LDAR systems showed ground strikes ^X^arou^st^ikes weTe 3 absent from 

s asr 

minute s 8 when°LDAR 3 indie at ground strikes were present and LLP did not. 

central site . 


3.4 LOCATION OF GROUND STRIKES RELATIVE TO LDAR STORMS 
Positions of ground strikes detected by iiPandLDAR 

respect to the LDAR storm centers. This . . . distance increments 

Lthod counted the number of ground strikes ™ edge 

with respect to the LDAR stem center The, Srough the ground 

was computed along a radial fro method is that individual storm widths 

^eiM^brSist^^ of the LDAR storm center. 

A second, "fractional” compositing method rldi^I 

ground strike location and the d ^ st r^ n< l® d 3tr ike location. The ground strike 
between the LDAR storm center and the ground strike lo fractional distance 

locations inside the LDAR storm boundary wer ^SJnd strikes 

SMES1& z&x of ss 

S^nc. d9 to- th e^M ^M“^o£t^ -t^ ed^(or to OU« 1..S 
included 

storm edge. Ground strikes were also co £P°^ed by ^tionaiaist^ the LDAR 

and north/south of * th " ‘^er^ colpos^ted in one-kilometer in- 
storm edge in ^his second method, th J ' ground strikes 0.5 to just less 

crements as in method 1. Category 11 ■*-“ y r^nresentina qround strikes 

than 1.5 km beyond LDAR storm edge and category 20 representing gr 

9.5 km or more LDAR beyond storm edge. 

Mtil^ipatoT'tha^thero^^^ ^® SaU ^^ Ee ^^^^^lf E °'^ms S ^^ihird*c^^^^tHg 

sa a? rasxss&rt sra H f Si«a e So-St^a^ 

S2JTES “ST* SJSiSff’i-JSa 

f orward / rear® and^ls f t /righ^of the^DAR storm center with respect to the storm 
movement vector. 

during Si .^1 SSSTASSS 

method above, i.e., by fr.ctional di.tanc. to the ““ st °_™ e d “ g p *' cts gro nnd 

isia .y.t« 9 , ng*™ 3-/b 

^r^oS^i^nTb. ^boundaries 111 ' of 

th^LDAR-deduced ° £ th * LDAR 8to ™' 
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care must be taken in interpret ing Pig. 3-1^ ^.^racti^al 
SSi£22^trSS£: £\»\fe\naK sto„ center Thus. 

sented by small-numbered fractional catego^ b& expected to occur there, 

small, and a small percentage of th dots. The dots represent the per 

For this reason, also shown on , g .' .. f rac tional categories if ground strikes 

centage of ground strikes expected in th 5j er unit area) within the ldar 

were distributed in equal concentrati ( dots, then, indicate observed 

storm boundaries. Graphed p ®^°®£ * 9 than average. Graphed percentages below the 
ground strike concentrations^ less than average. It can 

TZZfbTltot III composite LDAR storm contained greater ground 
strike concentrations than the outer portion. 

Figure 3-2 shows the locations ^^^do^^So ~ast /^s t^ and* norfh/souS 

r^Un^tbe 0 d^s 1 repra3e^ n exp^ted^^rcentages^if^grou^id^Jn:ikee 

concentration was uniform i"® 1 ® h side G f the LDAR storm, with greater 

concentrations ^han^ver^^ 1 !^ the inner half of the composite storm. 

Figure 3-3 shows the locations of g^S^-aSKSTf tTe ££ S 
during the same minute P eclod ' , b re the tendency for ground strikes near 

£*££" ifoL'SlfsSws'up very" strongly. 

3.5 SUBSEQUEHT OROUHD STRIKES RELATIVE TO CUKREET LDAR STORM 

weather forecasters ™=t issue of^warning'site .^Because they need 

expected within 5 nautical mile < * . first around strike, it is desirabl 

tissue the advisories i" ® dv “ ce f „t ou „d trikes to the current EDA* 

^SST^SS intercomparisons^ have U been^done with time -lags- of 1. 3, 3, 30, 
15, and 20 minutes. 

in performing these compositings, it was was r also recognized 

different 1 ” for quasi-stationary storms and ^moving gonns- reference would 

tiat in the case of moving storms a storm rtlrtm * compos iting method 3 of 
probably be most appropriate. In the PP considere d, so that the ground 

section 3.4, the movement of the LDAR ^?™ TDAR 3 torm displaced to its future 
strike was composited with £®® p j C t ike The LDAR storm was presumed to remain 
location at the time of the ground strike. actua iitv, the LDAR storm-relative 

the same size and shape during t ® p ® r tained by displacing the ground strike 
position of the g rou " d .. str £® W c is the movement vector of the LDAR storm and 
%£?Sj ( 9 rlnnd strike time minus current LDAR storm display time) . 

Table 3-2 shows the results of the di.cus^onf ?ii™ 

strikes with respect to LD^ s toms . For nnd gtrike3 to LDAR storm within 

0 is shown, representing mterc p wit h -All Storms” represent an inter 

the same minute. The columns ® f /^^f a re presumed to remain at their current 
comparison of all storms, ^ nd ^ g st °fd s izes! In the columns affiliated with 
positions in their current shapes and siz coul d be computed and with 

"Quasi-stationary" storms , ° nl y 3to ™ 3 ™ 0 kt3 f 4 . 6 km/h) in both the east/west 
speed of movement components e oomnosited As in the case of "All Storms , 

lid north/south directions ^® r ^^ of the LDAR storm, 

compositing has been done with ^®® p ®f t v° De at tLe 0 , decreasing to 324 by.t^ 
There were 435 storm-minutes o . ? p _iv files), in the columns affiliated 

. 20 minutes ,an “ 0 “" 9 ££,' s^eedof Movement greater than 2.5 

with "Moving” storms, only LDAR storms na g p were composi ted. The setting of 

.“uppir Tiitl SscaJUd a“ew stcrmi wiere the computed I.DAR storm velocrty was 
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Figure 3-3. 
distance eas 
b. (Bottom) 


Locations of ground strikes 
t/west and north south. a. 
LDAR-derived ground strikes. 


relative to LDAR storm center, by 
(Top) LLP ground strikes, 
using LDAR data cubes below 2.5 km 




i n iifAs st tiro® ® f ^ 

. . Ther e were ,483 a tor*-relative 

probably spurious- ^ Birm tes. compositing 

creasing to 15 Y -Moving" storms. percentages 

frame of reference fo a 1% increase in efnrms 

. « ■ 4 - a f Viat th€ 


- . CCQ uv time - aw — 

SS^S reference for -Moving- storms- ^ ^ j% increas e in^rcenta^ 

Th . values in Table ^^““aS’moving ■f^Jcould^ewnsined. These 

Lv-^1 yaUditI - 

tended to be short lrv 

noniTND STRIREv 


— — 

„ 3 _2 ' COMPOSITING OP P^^BOUhS « • 
WITH MOVEMENT, ih eerceht 

BI CATEGORIES «,«- 
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Notes 


. " in " means edge 

« “wifhin \ 5 S y yond H» storm edge 
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The data base can be used to determine if future ground strikes occur preferenti- 
allv on one flank of the the LDAR storm. Figure 3-4 shows the composite l° ca 
SoL of ground strikes after 10 minutes, with respect to quasx-statronary storms 
<Fia 3-4a) and with respect to moving storms in a storm-relative frame of ref 
encl\Fii!3-4b) There is a slight preference for future ground strikes on the 
south and east flanks of the current quasi-stationary LDAR storms. There is 
sliaht SreflrLce for future ground strikes on the rear flank of movxng LDAR 
storms. P in the mean the rear flank was the west-southwest flank xn thxs s u y, 
though there was much variation in directxon of storm movement. 


3.6 PROBABILITY OF GROUND STRIKES MORE THAN 5 NAUTICAL MILES BEYOND LDAR STORM 
EDGE 

weather forecasters must issue lightning advisories when lightning is 

within 5 nautical miles (9.25 km) of a warnxng area. Table 3 3 snows rn 

freauencY of LLP ground strikes that occur more than 5 n.mi. beyond the edge of 

ST'HSr .tom bfundary. In the case of noving 

• . • __ • raiat-ive to the proiected posxtxon of the current ldak 

boundaries. Probabilities for "All storms" and "Quasi-stationary" storms are 
with respect to the current positions of the LDAR storm boundarxes . 


T ABLE 3-3 . PROBABILITY OF GROUND STRIKES 
MORE THAN 5 N.MI. BEYOND EDGE OF LDAR STORM 


IME 

ALL STORMS 

0 

0.5% 

1 

3.0 

3 

2.6 

5 

3.4 

10 

7.5 

15 

14.8 

20 

30.0 


QUASI -ST AT. 

MOVING 

0.0% 

0.4% 

2.5 

2.7 

2.3 

2.5 

4.0 

3.7 

8.5 

7.3 

7.9 

15.5 

16.1 

30.8 


dividing by^l *3 , U ThVf.cto/has b bee„ b de^Tve/by” using™ K.n LDAR ston. edge 

minnto and not more than 0.5% after 20 minutes. Dependxng upon what risk is 
acceptable, forecasters can probably make effective use of the current LDAR storm 
boundary (and not need to add an extra margin beyond it) in issuing advison 
for lightning within a 5 n.mi. radius of warning sites. 


3.7 CESSATION OF LDAR ACTIVITY AND END OF GROUND STRIKE THREAT 

Weather forecasters must issue statements indicating that the threat of ground 
strikes has ceased. one potential tool in this task is the disappearance of the 
LDAR storm. However, some LDAR storms are intermittent — especially in their lat 
s?^es--™d may reappear after being inactive for a few minutes. Do these storms 
still pose a /round strike threat? Table 3-4 indicates the probability of an 
LDAR storm still yielding a ground strike after being inactive (producing no LDAR 
events) for the indicated number of minutes. 
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i relative to current 

Lqure 3-4. Locations of ground n s° e a9t/west and north/south. 

LSStS.'SS SST io C SS»tes, in storm- relative coordinates. 


TABLE 3.4 


PROBABILITY OF AN LDAR STORM THAT HAS BEEN INACTIVE 
YIELDING A FUTURE GROUND STRIKE, 

AS A FUNCTION OF THE PERIOD OF INACTIVITY 


INACTIVE PERIOD PROBABILITY 


1 min 46% 

> 1 22 

> 2 13 

> 3 7 

> 4 5 

>5 3 

> 6 2 

•>7 1 


3.8 


DIFFERENCES BETWEEN STORMS THAT PRODUCE GROUND STRIKES AND THOSE THAT 

never produce ground strikes 


W storms that nevar produced ground stST^ 
percent had duration of 5 minutes ' “ ' ttat brief. Many (55%) of the LDAR 

produced LLP ground strike 3 strike s we£e Vminute events, representing odd 

storms which never produced ground s ^ rl ^ es affected. This caused an apprec- 

discharge patterns into areas not ^®^ 0 ^ r ^rand ca US ed the objective storm 

sch^M*^^ t^igger^ l SSTJtS 

cation number was resumed* 

only 10% o£ the LDAR storms having 1 ^^“e'duraSon 

LLP ground strikes, only 6% of if contained less than 100 LDAR 

were associated with LLP ground the implication is 

events per minute. From a gather J^®®asting h ' t extend beyond the 

that sudden large bursts of I g?ound strike threat, 

previous LDAR storm boundary do not normally pose a gru 

The maximum number of LDAR events is less in tDAR^orms ^‘^Sd^thS 

LLP ground strike. Sixty two percent storms associated at some time 

50 LDAR events per minute. Only 11% of the LD^storms a^ ^ contras t, 81% 

^j^he^LD^ 0 storms 2 " a«oc^lte^ vLth^LLP ground strikes contained more than 150 
LDAR events per minute at some point during their exis ence. 

3.9 LDAR STORM DIFFERENCES DURING MINUTES WITH AND WITHOUT GROUND STRIKES 
It was indicated previously that 

associated with LLP ground strikes . brevity of wording, LDAR storm minutes 

minutes with LLP ground strikes? below 33 " LLP minutes " ; 

those'without^round^trikes will be referred to as -non-LLP minutes-. 

£ minute* S* ^ “of^uraT, To^of^'e^^ven" 

could be produced by the ground strike itself. 

LLP minutes had a much bigger LDAR storm volume. The 
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was little difference in 

as measured by standard de J i ia ^ 1 ^ ^ fo ' r LLP and non-LLP minutes, respectively. 

SMSM1.W i. — - ™“ ian _ 

, H larger LDAR storm cross-sectional area. 

LLP minutes had larger lu 2 for non-LLP minutes. 

80 km 2 for LLP minutes and 36 Km i _ 

iSe'ntfper k» 2 , respectively. 

3.10 LD&R-BASED PARAMETERS IB RRLATIOH TO VARIMIOBS I» OROOB ^ 

Because section ^ 

during mn»«s With .ndo ^ der ived r 7ve i »“»» parameters and 

d* rate^as^eKMdi^ 1 ^^^^® t ^®^^'^^p^^,° r ^ m pc^t 3 at variations ^in 

S-derived parameters were erminedintelation ^ LDAP 

Sere of LLP ^ r ° thes^ E corre lation 3 studied U they were 

ground^strites at sc^* time r <^ril^^ e ir^£rstenc^^The^eight^LDAR^d^ ^^pENS? 
nRrRineters examined were : (1) nldak, nuilUJ LDAR storm area; (4) VOLDENb, 

parameters , mT t DA r storm volume; (3) AREA, ^ 7MFAN LDAR storm 

Sfjs. s: Sr, - *— ■*« correlatlon - h h d the highe3t 

in the correlation studies, ZSD, a measure ' had the highest 

Sf/elSS for the°other So ^Iv 

area ™* h ‘JS* 

SS*J 5 n iMif ii£ T’i - ; 

wC SfSJT-S: that produced LLP ground strihes^e« consider^ ^ ^ 

£ “ la9 tl " e o£ er ° dual 10M 
It must also be noted that even h ^ t 8 ^° atUnV in LDaT stor^ depth from 

sLS parameter is 0 592 . This me a ^^^ria^ions in number of LLP ground 
minute to minute would explain only 35 % ot tne 
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•FABLE 3-5 CORRELATION BETWEEN LDAR— DERIVED STORMPARAMETERS 
L> StOWlD STRIKE RATE, AS A FUNCTION OF LAG' TINE 
BiBiwircn T.nnR PARAMETER AND LLP GROUND STRIKE 


LAG 

rank i 

RANK 2 

0 

ZSD 

0.592 

VOL 

0.579 

1 

VOL 

0.492 

ZSD 

0.492 

2 

ZSD 

0.497 

VOL 

0.486 

3 

ZSD 

0.478 

VOL 

0.466 

4 

ZSD 

0.450 

VOL 

0.433 

5 

VOL 

0.433 

ZSD 

0.429 

6 

ZSD 

0.396 

NLDAR 

0.384 

7 

ZSD 

0.376 

ZMEAN 

0.361 

8 

ZSD 

0.355 

NLDAR 

0.348 

9 

ZSD 

0.337 

NLDAR 

0.323 

10 

ZSD 

0.300 

ZMEAN 

0.291 


RANK 3 

RANK 4 

RANK 5 

AREA 

0.542 

NLDAR 

0.521 

ZMEAN 

0.495 

NLDAR 

0.457 

AREA 

0.441 

ZMEAN 

0.422 

NLDAR 

0.460 

AREA 

0.441 

ZMEAN 

0.439 

NLDAR 

0.446 

ZMEAN 

0.433 

AREA 

0.424 

ZMEAN 

0.415 

NLDAR 

0.414 

AREA 

0.396 

NLDAR 

0.422 

ZMEAN 

0.402 

AREA 

0.392 

VOL 

0.383 

ZMEAN 

0.377 

Z95 

0.359 

Z95 

0.345 

VOL 

0.344 

NLDAR 

0.344 

VOL 

0.347 

ZMEAN 

0.340 

Z95 

0.325 

VOL 

0.321 

ZMEAN 

0.315 

Z95 

0.303 

Z95 

0.278 

NLDAR 

0.265 

VOL 

0.259 


NOTE: 


LAG is LLP ground strike time minus LDAR storm 
parameter time , in minutes 


strikes per minute using ^ ^^^Thi^Soul^be a^oJ^start ^^dditional 
multiple linear regression shows that ££*™“related . If the temporal vana- 
LDAR storm parameters were not h £ g h y ooorlv correlated to ZSD variations, 

LhBrtSly 0 ™^d“«“ 8 Stio“.Toontribu^= in 

WSti pursuit of this topic. 
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IV. CONCLUDING REMARKS 

- u 0 „in a process that may help 

reviewed here. events and ground 

what is the lead time bet^th. ««t oY^he s - 

SSSSJ S the first minute of their eki.tence (Sect 

Are there preferred locations of oc *= uf r e ® q hty - ^five” p e r c e n t of the LLP ground 

Elbtsfn - y - »» — <" 

boundaries of the current U>AR the current ““ f °™ r enS 

?SfSe 0 o7 r qu”a»7-st«tio»ary storms, or ^//t^nuteff^r moving storms and 

2S ^“ar^-s^st, flank of moving storms in this study 
(Sections 3.5, 3.6). , i- he 

Are there signature, in the LDAR data *-^-,“*5^ 
threat of ground strikes has ended? In latter sg the LDAR display. 

StT'i! — -* been gu “ tx£ied - 

Are there signature, in the LDAR data 

SS%^^. d pre^us SU LD^ stjm 

LDAR shows great promise as a tool for in 

thunderstorm^ electrification processes^ ^^^"nd profiler network data 

that. U can 1 ^he° 1 ° c at ion of' 'convergence zones These^^ the 

ll-^l^ks r„ k lhic f h S ef f e ield.ill 

where future ground strikes may be concent S y S tem and neural network studies of 

» «sffi!aS the various types of information. 
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